40,000 (Alfa Aesar), methanol (99.8+%) (Fisher Chemical) were used directly without further purification. The commercial Pt/C catalyst was 20% by weight of ~3 nm Pt nanoparticles on Vulcan XC-72 carbon support purchased from (Cabot Corp.). Nafion was acquired from SigmaAldrich.
Synthesis of Co-N-C@surfactant nanocrystals
Co-ZIF-8@surfactant crystals precursors were synthesized by the same method, but either with different surfactants or without surfactant. In the typical synthesis of Co-ZIF-8@F127 precursor, F127 (1g) was dissolved in methanol (25 ml) to form a clear solution, and then mixed with 25 ml methanolic solution of 2.68 g (9 mmol) of zinc nitrate hexahydrate and 1.16 mg (4 mmol) cobalt(II) nitrate hexahydrate. 50ml of methanol containing 3.2 g (39 mmol) 2-methylimidazole was subsequently injected into the above solution under stirring for 5 minutes at room temperature.
After stirring for 30 minutes in 60 °C in a reflux system, pink crystal precipitates were obtained, and they were subsequently collected by centrifugation in fresh ethanol solution, centrifugation was repeated three times. After drying in a vacuum oven at 60 °C for 12 hours, pink solid Co-ZIF-8@F127 particles were obtained as precursor for subsequent processes. To obtain Co-N-C@F127 catalysts, the as-obtained Co-ZIF-8@F127 nanocrystals were directly carbonized at 900 °C for 3 hours under constant nitrogen flow. We applied a quick ramp rate of 30 °C/min. The resulting material was treated with 2 M HCl solution for 5h at 50 °C. The solid material was collected by centrifuge and cleaned with ethanol three times before being dried at 60 °C in a vacuum to obtain the Co-N-C@F127.
Physical characterization
The morphology of Co-ZIF-8@surfactant precursors and derived catalysts were studied using scanning electron microscopy (SEM) on a Hitachi SU 70 microscope at a working voltage of 5 kV. The crystal phases present in each sample were identified using X-ray diffraction (XRD) on a Rigaku Ultima IV diffractometer with Cu Kα X-rays. X-ray photoelectron spectroscopy (XPS) was performed using a Kratos AXIS Ultra DLD XPS system equipped with a hemispherical energy analyzer and a monochromatic Al Kα source. The source was operated at 15 keV and 150 W; pass energy was fixed at 40 eV for the high-resolution scans. All samples were prepared as pressed powders supported on a metal bar for the XPS measurements. The N 2 isothermal adsorption/desorption was recorded at 77 K on a Micromeritics TriStar II. Samples were degassed at 150 °C for 5 hours under vacuum prior to nitrogen physisorption measurements. Atomic resolution medium-angle annular dark-field (MAADF) images of dispersed Co over the ZIF framework were captured in a Nion UltraSTEM U100 operated at 60 keV and equipped with a Gatan Enfina electron energy loss spectrometer (EELS) at Oak Ridge National Laboratory. In addition, transmission electron microscopy (TEM), high resolution TEM (HRTEM), high angle annular dark field scanning TEM (HAADF-STEM) were performed on a probe-corrected FEI Titan 80-300 S/TEM at Brookhaven National Laboratory. Co K-edge X-ray absorption near edge structure (XANES) and extended X-ray absorption fine structure (EXAFS) experiments were carried out at beamline 10BM, Materials Research Collaborative Access Team, Advanced Photon Source (APS), Argonne National Laboratory (ANL). Data reduction, data analysis, and EXAFS fitting were performed with the Athena, Artemis, and IFEFFIT software packages. 1
Electrochemical measurements
Electrochemical measurements were carried out using an electrochemical workstation (CHI760b) coupled with a rotating-ring disc electrode (RRDE, Pine, AFMSRCE 3005) in a three-electrode cell. A graphite rod and a Hg/HgSO 4 (K 2 SO 4 -sat.) electrode were used as the counter and reference electrodes, respectively. The reference electrode was calibrated to a reversible hydrogen electrode (RHE) in the same electrolyte before each measurement. A rotating disk electrode with a disk diameter of 5.6 mm covered by a thin film of the catalyst was used as the working electrode. To prepare the working electrode, 5 mg Co-N-C@surfactant catalysts were ultrasonically dispersed in a 0.51 mL mixture of Isopropyl alcohol and Nafion® (5 wt.%) solution to form an ink. Then the ink was drop-casted on the disk electrode with a designed loading of 0.8 mg cm -2 and dried at room temperature to yield a thin-film electrode. The catalyst-coated disk working electrode was subjected to cyclic voltammetry (CV) in O 2 -saturated 0.5 M H 2 SO 4 at a scan rate of 100 mV/s to activate the catalysts. The electrocatalytic activity for ORR was tested by steady-state measurement using staircase potential control with a step of 0.05 V at intervals of 30 s from 1.0 to 0 V vs. RHE in O 2 -saturated 0.5 M H 2 SO 4 solution at 25°C and a rotation rate of 900 rpm. Fourelectron selectivity during the ORR was determined by measuring the ring current for calculating H 2 O 2 yield. Catalyst stability was studied by potential cycling (0.6 to 1.0 V in O 2 sat. 0.5 M H 2 SO 4 , 50 mV s -1 ) and by holding at constant potential at 0.84 V and 0.7 V during the ORR.
Fuel cell tests
Catalyst ink was prepared by ultrasonically mixing the catalyst, isopropanol, de-ionized water, and 5% Nafion® suspension (Ion Power). The inks were applied to a GDL by a manual doctor blade technique until the cathode catalyst loading of ~ 4.0 mg cm -2 was reached. A commercial Ptcatalyzed gas diffusion electrode (GDE, 0.3 mgPt cm-2, Fuelcelletc) was used at the anode. The cathode and anode are hot-pressed (500 psi) onto a Nafion® 212 membrane at 125°C for 5 minutes.
The geometric area of the membrane electrode assembly (MEA) was 5.0 cm 2 . Fuel cell testing was carried out in a single-cell fuel cell (Scribner) with single serpentine flow channels. Pure hydrogen and air/oxygen, humidified at 80 °C, were supplied to the anode and cathode at a flow rate of 200 sccm. Fuel cell polarization plots were recorded using a commercial fuel cell test stations (Scribner) in a voltage control mode. The Fe-N-C catalyst was obtained in our group 2 We employed three different techniques (i.e., EELS, XPS, and ICP-AES) to study the Co content in both catalysts with and without the assistance of F127, which is aim to provide a comprehensive understanding. Each technique has its own advantages and limitations. X-ray photoelectron spectroscopy (XPS) is a relatively surface sensitive technique with a detection depth of 10 nm.
Due to the highly porous carbon structures of the ZIF-8 derived Co catalysts, the Co content detected using XPS is not very sensitive. Table S10 . Fitting results for Co 2p XPS spectra for different materials (at. %).
Co-N 4 CoO
Co-N-C without surfactant 32. 
Computational section

Computational method
In this study, we performed spin-polarized DFT 55, 56 calculations using the Vienna ab initio simulation package (VASP) code. 57, 58 Projector augmented wave (PAW) pseudopotential 59, 60 was used to describe the core electrons and a plane wave basis set with a kinetic energy cutoff of 400 eV was used to expand the wave functions. Electronic exchange and correlation was described within the framework of generalized gradient approximation (GGA) of Perdew, Burke and Ernzernhof (PBE) functionals. 61 The Brillouin zone was sampled using a Monkhorst-pack 62 Table S12 . Predicted adsorption energies of various ORR species on the CoN 2+2 and CoN 4 active sites of the Co-N-C catalysts. The adsorption energies are calculated as the difference in energy between the adsorption system and the corresponding isolated systems. Hence, negative value of the adsorption energy indicates attractive interaction between the ORR species and ORR active sites. 
Predicted adsorption energy of ORR species
